Abstract Pneumatosis intestinalis is defined as the presence of gas within the wall of the gastrointestinal tract. Originally described on plain abdominal radiographs, it is an imaging sign rather than a specific diagnosis and it is associated with both benign and lifethreatening clinical conditions. The most common lifethreatening cause of pneumatosis intestinalis is bowel ischaemia. Computed tomography (CT) is usually requested to detect underlying disease. The presence of pneumatosis intestinalis often leads physicians to make a diagnosis of serious disease. However, an erroneous diagnosis of pneumatosis intestinalis may be made (i.e. pseudo-pneumatosis) when intraluminal beads of gas are trapped within or between faeces and adjacent mucosal folds. The purpose of this pictorial essay is to review and describe the CT imaging findings of pneumatosis and pseudo-pneumatosis intestinalis and to discuss key discriminatory imaging features.
Introduction
Pneumatosis intestinalis is defined as the presence of gas within the wall of the gastrointestinal tract. It is an imaging sign rather than a specific diagnosis [1] . The gas in pneumatosis intestinalis may originate from the gastrointestinal lumen, bacterial production, or from the lungs [2] . The causes of pneumatosis intestinalis are traditionally divided into two categories: benign conditions (such as asthma, scleroderma and pyloric stenosis) and life-threatening conditions (such as bowel obstruction, necrotising enterocolitis, bowel ischaemia, cancer, trauma and drugs) [1, 3] . The most common life-threatening cause of pneumatosis intestinalis is bowel ischaemia [1] . Computed tomography (CT) is usually requested to detect underlying disease. The presence of pneumatosis intestinalis often leads physicians to make a diagnosis of serious disease [3] . However, an erroneous diagnosis of pneumatosis intestinalis may be made (i.e. pseudo-pneumatosis) when intraluminal beads of gas are trapped within or between faeces and the adjacent mucosal folds (Fig. 1) . Awareness of features that may differentiate between pneumatosis and pseudo-pneumatosis-an incidental imaging diagnosis-is critical for appropriate clinical management [4] . In this article, we review and describe the CT findings of both pneumatosis intestinalis and pseudopneumatosis, and provide key imaging findings that can help differentiate pseudo-pneumatosis from true pneumatosis.
Imaging techniques
Abdominal radiography and CT are the most common imaging techniques used to diagnose pneumatosis intestinalis. However, abdominal radiography is often too insensitive to detect early stages of pneumatosis or assess the underlying disease [2, 5] . CT is the best imaging investigation for the diagnosis of pneumatosis intestinalis (Figs. 2, 3 ) because of its high sensitivity for detecting even small intramural gas collections [2, 6] . The administration of oral and intravenous contrast media in CT is not required for the diagnosis of pneumatosis but may be useful in delineating the bowel lumen and wall for the confirmation or exclusion of other diagnoses. Representation of CT images at multiplanar (i.e. coronal, sagittal) reformats may help determine the location and the extent of gas within the intestinal wall (Fig. 4) . Finally, while abdominal CT images are routinely displayed in a soft tissue window, use of the lung window is advantageous for the detection of subtle intraluminal gas (Fig. 4) [4] .
Imaging findings of pneumatosis and pseudo-pneumatosis intestinalis

Pneumatosis intestinalis
Radiolucency within the bowel wall (Fig. 5) is the hallmark of pneumatosis on abdominal radiography [2] . The patterns of pneumatosis shown at CT may vary considerablylinear, bubble, curvilinear gas collections (Fig. 6) ; gas may be localised or diffuse throughout the gastrointestinal tract [7] . Gas patterns were reported to be useful to differentiate benign and clinically worrisome pneumatosis intestinalis [4, 6] . In addition, other CT findings such as soft-tissue thickening of the bowel wall, free fluid and peri-intestinal soft-tissue stranding are more frequently associated with clinically worrisome than benign pneumatosis intestinalis [8] . Nonetheless, the severity of the clinical manifestations usually correlates with the underlying disease rather than the extent or pattern of gas [8] [9] [10] .
Intramural gas may extend beyond the bowel wall into portomesenteric veins, particularly in the setting of bowel ischaemia [11, 12] . On CT images, portomesenteric venous gas is typically visualised as tubular or branched mesenteric lucencies and linear, branched gas collections within the periphery of the liver (Fig. 7) . Mesenteric venous gas can be distinguished from pneumoperitoneum by its tubular Fig. 2 Extensive ischaemic colon in a 63-year-old woman post-surgical resection for rectal carcinoma. Axial CT at a lung window shows massively dilated colon with diffuse wall thickening and intramural gas (arrows), consistent with pneumatosis intestinalis. The patient was found to have extensive ischaemic colon at emergency laparotomy Fig. 3 Pneumatosis intestinalis in a 58-year-old man with small bowel obstruction secondary to adhesion at the distal ileum. Axial unenhanced CT shows diffusely dilated small bowel with pneumatosis intestinalis (arrows) in the jejunum Fig. 1 Pseudo-pneumatosis in a 52-year-old man with abdominal distension. Axial unenhanced CT shows gas collections within faeces and between faeces and bowel wall (arrows), consistent with pseudopneumatosis. Note the thin layer of high-attenuation enteric contrast surrounding the stool (arrowhead) simulating intestinal wall. This might lead to a misdiagnosis of true pneumatosis appearance and its location within mesenteric venous branches ( Fig. 8 ) [13] . Furthermore, intrahepatic portal venous gas appears with tubular lucencies in the periphery of the liver, whereas pneumobilia is usually distributed centrally [4] . Whether the presence of portomesenteric venous gas can predict the severity of ischaemia remains a controversial issue. Several studies reported a higher mortality rate with the combination of pneumatosis and portal venous gas [3, 14] , while others [10, 15, 16] suggested only a weak correlation between the two. The underlying pathophysiology of portomesenteric venous gas is still unclear; suggested causes include intestinal wall alterations, bowel distension and sepsis [1, 13, 16] .
Besides intramural gas and its extension, observation on bowel wall alterations could be helpful in defining pneumatosis intestinalis [14] . The intramural gas could go within the circumference of the bowel wall, which may extend superior to a luminal gas-fluid level (Fig. 9) . The intramural gas could dissect within the bowel wall edge Fig. 4 Intramural gas of the colon in a 73-year-old man with worsening abdominal pain. a Coronal contrast-enhanced CT shows dilated right colon with intramural versus intraluminal gas (arrow), aortic aneurysm and decompressed descending colon with extensive sigmoid diverticulosis (arrowhead). b Sagittal contrast-enhanced CT displayed in a lung window confirms the intramural location of the gas collection (arrow), consistent with pneumatosis intestinalis, extending beyond the free gas-fluid level within the bowel lumen Fig. 7 Intramural and portomensenteric venous gas in a 66-year-old asymptomatic man after duodenal ulcer repair. a Axial unenhanced CT shows diffuse, bubble-like and curvilinear intramural gas collections (arrows) throughout the small bowel, consistent with pneumatosis intestinalis. b, c Axial CT images at two different abdominal levels show diffuse branching lucency in the mesenteric vessels (arrow, b) and the periphery of the liver indicating portal vein gas (arrow, c). d Axial unenhanced CT, acquired at the same level as a after 10 days of follow-up, shows complete resolution of pneumatosis intestinalis following a benign clinical course Fig. 8 Intrahepatic and tubular gas in a venous branch in a 45-year-old woman with superior mesenteric artery thrombosis (SMA). a Sagittal contrastenhanced CT shows SMA thrombosis (arrow). b Axial contrast-enhanced CT shows intramural gas of pneumatosis intestinalis (arrow). c Axial CT (lung window) shows tubular lucency in a venous branch (arrow), consistent with mesenteric venous gas. d Axial contrast-enhanced CT shows extensive intrahepatic portal venous gas (arrow) (Fig. 10) . Both findings may reflect transmural damage of the bowel wall. In addition, a relatively smooth contiguous intraluminal gas column could outline the smooth bowel wall (Fig. 11) . The relatively smooth gas column against the bowel wall may be a sign of extensive swelling of the bowel wall.
Although pneumatosis intestinalis is an important sign representing a pathological state of the bowel, a clinical management decision for pneumatosis intestinalis should be ultimately made on the basis of multiple factors, including clinical symptoms, physical examination findings and laboratory test results [8] . Other CT findings suggestive of predisposing diseases include dilatation of the bowel from a bowel obstruction, mesenteric oedema and bowel wall thickening related to ischaemia, a concomitant mass and pneumoperitoneum (Fig. 12) . It should be noted, however, that pneumoperitoneum may be also caused by relatively benign conditions such as a rupture of subserosal cysts in benign primary pneumatosis and connective tissue diseases (Fig. 13) [4] .
Pseudo-pneumatosis intestinalis
Gas trapped within faeces or against the mucosal surface may mimic the intramural gas of pneumatosis intestinalis. Although this so-called "pseudo-pneumatosis" may sometimes be indistinguishable from true pneumatosis, the appearance and distribution of the gas collections, normal bowel wall as well as additional CT imaging findings may help differentiate between clinically relevant pneumatosis and incidental pseudo-pneumatosis.
Differentiations between pneumatosis and pseudo-pneumatosis
Patients with either pseudo-pneumatosis or benign causes of pneumatosis may be asymptomatic or present with mildto-moderate symptoms such as shortness of breath, chronic abdominal pain and constipation [17] . Patients may have a history of steroid use, chemotherapy and organ transplantation. Patients with life-threatening causes of pneumatosis may present with moderate to severe abdominal symptoms such as diarrhoea, bloody stools, abdominal distension or severe abdominal pain. The physical findings are usually unremarkable [4, 8, 18] .
CT findings useful for differentiating pneumatosis (intramural gas) versus pseudo-pneumatosis (intra-luminal gas) include the location, distribution and pattern of gas. Pneumatosis intestinalis occurs focally or throughout the small bowel or colon [19] . Pseudo-pneumatosis is more Fig. 10 Intramural gas in a 71-year-old man with abdominal pain. Axial contrast-enhanced CT shows gas dissecting within the bowel wall edge (arrow), consistent with pneumatosis intestinalis Fig. 9 Intramural gas in a 73-year-old man with worsening abdominal pain. Axial contrast-enhanced CT shows gas within the circumference of the bowel wall (arrowhead) which extends superior to a luminal gas-fluid level (arrow), indicating pneumatosis intestinalis Fig. 11 Smooth intraluminal gas column outlining the bowel wall in a 45-year-old woman with superior mesenteric artery thrombosis (SMA). Axial unenhanced CT shows a relatively smooth, contiguous gas column (arrow), more commonly seen in pneumatosis intestinalis frequently seen in the caecum and ascending colon (because of an admixture of liquid stool and gas). The distribution of gas at the interface of the intestinal wall, which may reflect bowel wall alterations, is useful for differentiating pneumatosis from pseudo-pneumatosis [13] .
For example, a gas collection against the bowel wall that stops at the free gas-fluid level within the bowel lumen suggests pseudo-pneumatosis (Fig. 14) , whereas gas along the bowel wall beyond the gas-fluid level is more Axial contrast-enhanced CT shows irregular punctuated gas column (long arrow) between the faeces and mucosal folds, which stops at the free gas-fluid level (short arrow), consistent with pseudo-pneumatosis intestinalis consistent with pneumatosis intestinalis (Fig. 15) . The pattern of gas may also be a helpful discriminator. An irregularly punctuated gas column pattern (from intact mucosal folds) is more commonly seen with pseudopneumatosis intestinalis (Fig. 16) , while a relatively smooth contiguous gas column pattern (reflecting oedematous bowel wall) is suggestive of pneumatosis intestinalis. Finally, the presence of portomesenteric venous gas and additional findings such as vascular embolisation and cancer can be important signs indicative of the presence of pneumatosis intestinalis.
Conclusion
In conclusion, portal or mesenteric venous gas, intramural gas superior to a gas-fluid level, continuous gas outlining the bowel wall and dissecting gas in the bowel wall edge are features characteristic of pneumatosis. Conversely, these findings are absent in pseudo-pneumatosis. Gas confined to the inner wall of the caecum/proximal right colon which terminates at a gas-fluid level is strongly suggestive of pseudo-pneumatosis. Knowledge of these key CT imaging findings may prevent an erroneous diagnosis of potentially life-threatening bowel ischaemia. Fig. 16 Pseudo-pneumatosis intestinalis in a 63-year-old woman with treated rectal cancer. Axial contrast-enhanced CT shows an irregular column of gas (arrow) between the wall and the intestinal content stopping at the free gas-fluid level (short arrow) within the bowel lumen, consistent with pseudo-pneumatosis intestinalis Fig. 15 Intramural gas in a 26-year-old woman with worsening abdominal pain. a Axial CT at a lung window shows a relatively smooth, contiguous gas column (arrow). b Axial CT at a lung window at a slightly different level from a shows intramural gas beyond the gas-fluid level (arrow), indicating pneumatosis intestinalis
